Abstract-The behavior of acrylic acid-4-vinylpyridine copolymers of different architectures, namely, with gradient and block distributions of comonomer units in a chain as well as with quaternized 4-vinylpyridine units, is studied. It is shown that all the copolymers are prone to aggregation in acidic and alkaline media and that the sizes of aggregates and the regions of their stability are determined by chain microstructure. The aggregates formed in acidic media exhibit temperature sensitivity. The kinetics and mechanism of copolymer adsorption from solutions on the surface of nylon membranes are explored. It is shown that the block distribution of units substantially increases the adsorption efficiency, while the quaternization of 4-vinylpyridine units decreases the monolayer adsorption parameters.
INTRODUCTION
The macromolecules of amphiphilic block copolymers undergo self-assembly and form micellar aggregates of different architectures in aqueous media as opposed to random copolymers. The properties of the resulting structures largely depend on the nature of the copolymer hydrophilic part. Polymer aggregates responding to changes in external stimuli (pH, ionic strength, temperature) are of great interest owing to their potential application for the targeted delivery of drugs, for stabilization of metal nanoparticles, in the processes of surface modification, etc. [1, 2] . Among the amphiphilic copolymers are polyampholyte macromolecules, since the interaction of oppositely charged units leads to the formation of the hydrophobic parts of chains.
The attention of investigators was initially concentrated on synthetic random polyampholytes [3] . Their solubility, hydrodynamic, adsorption, and surface properties were studied in detail. It was found that the random polyampholytes are soluble in the whole pH range, even at the isoelectric point; moreover, they are not prone to aggregation. The development of anionic polymerization made it possible to synthesize block polyampholytes of different structures (di-and multiblock, crosslinked, and star-shaped). The investigation of their behavior in aqueous solutions revealed that they differ significantly from random copolymers: the existence of a pH interval where the block copolymer is insoluble in aqueous solutions and the ability to form micelles in a wide pH interval on both sides of the isoelectric point. For example, nonsymmetric triblock copolymers based on poly(dimethylaminomethyl methacrylate), poly(methacrylate acid), and a short hydrophobic block of poly(methyl methacrylate) or poly(2-phenylethyl methacrylate) were studied [4] . The dynamic light scattering study of diblock copolymers based on substituted aminoethyl methacrylates showed that, in the acidic pH regions, coarse aggregates are formed, the size of which rises from 100 to 140 nm with an increase in pH from 2.0 to 4.5 [5] . Over the interval of pH from 9 to 11, aggregates 26 nm in size are formed. The authors assumed that, at low and high pH values, micelles are formed; in the former case, the micelle core is composed of the acid block; in the latter case, of the alkaline block.
Many studies are devoted to diblock copolymers consisting of hydrophobic and hydrophilic blocks of a weak polyelectrolyte. Among them are, in particular, systems containing the block of poly(2-vinylpyridine) (P-2-VP), which can be protonated and, therefore, becomes water-soluble at low pH values. The spherical micelles formed by P-2-VP-block-poly(tert-butyl acrylate) in water are sensitive to changes in pH and ionic strength of solution [6] . The associative behavior of the diblock copolymer P-2-VP-block-poly(2-(dimethylamino)ethyl methacrylate) and other block polyampholytes in aqueous solutions was studied as a function of pH, ionic strength, and temperature [7, 8] .
The accumulated experimental data on the behavior of block polyampholytes in solutions allowed one to develop the theoretical concepts about their selfassembly processes. A model describing their aggregation into the micelles in solution was proposed in [9] .
The core of such a micelle consists of weakly charged blocks and chain fragments of the strongly charged block; therefore, the total charge of the core is close to zero. The corona of block polyampholyte micelles is formed by charge-compensated parts of stronger charged blocks. This structure is close to the structure of micelles of the amphiphilic diblock copolymer consisting of hydrophobic and hydrophilic blocks. The main difference of the model is that both blocks are involved in micelle core formation and that the corona consists of only a part of the charged block. The authors [10] proposed another model for the micelle structure of block polyampholytes. The charge compensation in the micelle core is achieved by the incorporation of all blocks with a lower charge and a part of strongly charged blocks. Thus, the strongly charged blocks are distributed between the core and corona. This leads to a decrease in the micelle free energy, causes a change in the critical concentration of micelle formation and the aggregation number, and entails a significant increase in the stability of micelles. The aggregation of molecules can proceed via hydrogen bonds and van der Waals and hydrophobic interactions. Depending on the number of charged monomers and the net charge on a chain, the authors predict the existence of different types of structures in solution: coils of macromolecules; micelles in which the core size significantly exceeds the corona size; star-shaped micelles, in which the degree of binding of counterions is low and the corona is practically unscreened, or the degree of binding of counterions is high; micelles with two tails; and macromolecules in the "tadpole" conformation.
Change in the chemical composition and hydrophilic-hydrophobic balance of amphiphilic macromolecule affects the self-assembly of the block copolymers and the properties of micelles formed by them. The self-assembly of diblock copolymers consisting of the random copolymer block of styrene and acrylic acid (AA) and the block of poly(acrylic acid) in alkaline media was studied by small-angle neutron scattering [11, 12] . It was shown that micelle formation is determined by the molar content of ionogenic units and that, at an AA unit content of more than 50 mol % in the block forming the core, no micelles are formed [11] . The morphology of such micelles depends on pH and ionic strength of solution, and it can be both spherical and lamellar [12] . Thus, the chemical modification of the hydrophobic block by ionogenic units significantly affects the thermodynamics of micelle formation and imparts morphogenic pH and salt sensitivity to the forming micelles. The self-assembly processes in the aqueous solutions of diblock and triblock copolymers containing blocks of acrylic acid units and blocks of the gradient copolymer of styrene with acrylic acid were investigated in [13] [14] [15] . The copolymers were obtained under conditions of reversible inhibition by nitroxide radicals. Using the methods of small-angle X-ray scattering and dynamic light scattering, the authors showed that in alkaline media the copolymers form molecularly dispersed solutions and a decrease in pH in dilute solutions results in the formation of "flowerlike" micelles stabilized by the partially ionized PAA corona. In semidilute solutions, a decrease in pH is accompanied by gel formation [13] : the domains enriched in styrene units form crosslinks; in this case, the system viscosity rises by three orders of magnitude. It is important to note that the introduction of AA units into the gradient blocks leads to the "defrosting" of structures caused by the association of styrene units, increasing their lability. The thermodynamics of the self-assembly of the mentioned di-and triblock copolymers was examined in detail in [15] . It was shown that the growth of micelles is a multistage process. It is found that the region of micelle formation and the solubility of the copolymers depend on the length of the gradient block.
The case of introduction of uncharged units into the polyelectrolyte block was investigated in [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The overwhelming majority of studies are devoted to the self-assembly of diblock copolymers with the lyophilizing block based on the weak polyelectrolyte [16] [17] [18] [19] [20] [21] [22] [23] . The degree of charging of such a block can be varied by a simple change in the pH of solution, in this case, the uncharged units remain hydrophilic, and the distribution of charged and uncharged units in the block is not fixed. As was theoretically predicted for such copolymers, the degree of aggregation and the core radius of equilibrium micelles monotonically decrease with a simultaneous increase in the sizes of their corona and in the degree of charging of the lyophilizing block [16, 17] .
The experimental data qualitatively confirm the theoretical predictions. As was shown in [18] [19] [20] [21] [22] [23] , an increase in the degree of neutralization of the polyacid block is accompanied by a decrease in the average amount of micelle aggregation with the kinetically unfrosted core composed of short hydrophobic blocks of polyisobutylene or poly(ethyl acrylate) up to the complete disaggregation of micelles to individual macromolecules [18, 19] . At the same time, the sizes of micelles increase owing to polyelectrolyte swelling with an increase in the corona charge [20, 21] . In some cases, a decrease in the degree of neutralization of the corona of micelles at low pH values leads to their secondary aggregation accompanied by formation of intermicellar clusters [22, 23] .
Of interest is the case where the lyophilizing polyelectrolyte block contains uncharged hydrophobic units in fixed positions; that is, it is amphiphilic. In this case, the electrostatic repulsion of similarly charged units of the polyelectrolyte block is hindered by the hydrophobic association of units included in both nonpolar and lyophilizing blocks, as manifested
